Objective This study had two main objectives: to compare current suicide rates in OECD countries among 10-19-year-olds and to identify patterns of suicide rates based on age, gender and time. Furthermore we investigated the main dimensions that contributed to the variation in child and adolescent suicide rates across countries. Methods We combined the WHO mortality data and the population data released by OECD to calculate the suicide rates in 29 OECD countries. A self-organizing map (SOM), k-means clustering analysis, and multi-dimensional scaling were used to classify countries based on similarities in suicide rate structure and to identify the important dimensions accounting for differences among groups. Results We identified significant differences in suicide rates depending on age, sex, country, and time period. Late adolescence and male gender were universal risk factors for suicide, and we observed a general trend of declining suicide rates in OECD countries. The SOM analysis yielded eight types of countries. Most countries showed gender gaps in suicide rates of similar magnitudes; however, there were outliers in which the gender gap was particularly large or small. Conclusion Significant variation exists with respect to suicide rates and their associated gender gaps in OECD countries.
INTRODUCTION
Globally, suicide is the second leading cause of mortality among young people. 1 Suicide is a complex phenomenon involving individual, familial, cultural, and social factors, and varying suicide rates have been reported in different countries and at different times. Although adolescent suicide is relatively infrequent compared with that in older age groups, it is a major public health concern in many countries. 2 Studies regarding the characteristics that underlie differences in suicide rates across various countries have the potential to yield meaningful insights for interventions and related policies.
Suicide rates differ by age and gender. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The absolute numPrint ISSN 1738-3684 / On-line ISSN 1976-3026 OPEN ACCESS ber of completed suicides among male adolescents is higher than that among female adolescents, 13 whereas suicidal ideation and attempts are much more frequent among female adolescents; this is frequently referred to as the gender paradox of suicidal behavior. 4, 14, 15 Universally, completed suicide before puberty is rare, 1, 16 with the incidence of suicide increasing markedly in the late teens and continuing to rise. 17, 18 This is reflected in a global increase from 0.6 completed suicides per 100,000 individuals among youth aged 14 or younger 19 to a mean worldwide suicide rate of 6.9/100,000 among teenagers between the ages of 15 and 19 years. 20 However, the magnitude of the effects of gender and age on suicide rates varies considerably across countries. 20 In some Asian countries, including China and India, youth suicide rates for females exceed those for males, [21] [22] [23] and in Western countries, suicide rates for females aged 14 or younger have been reported to be increasing. 24 In short, although similar overall patterns with regard to the effects of age and gender on suicide rates are observed in most countries, the magnitude of differences due to age and gender varies significantly by region.
Characterizing the patterns underlying suicide rates becomes 20 Between 2000 and 2009, the teenage suicide rate decreased in North America, whereas it increased in Central and South America in both the 14-and-under and 15-andover age groups. 24 East Asian countries, such as Japan and South Korea, are characterized by an increasing trend in teenage suicides, with a narrowing gender gap. Southeastern and southern European regions exhibit the lowest overall levels of teenage suicide, with the exception of Australia and New Zealand. Despite the fact that suicide rates have decreased in Eastern Europe, the countries in this region, including Russia and countries formerly belonging to the Soviet Union, continue to have the highest suicide rates. Finally, adolescent suicide rates have decreased slightly in northern Europe, but have remained, on average, fairly stable. 20, 24, 26 There has been little research comparing teenage suicide rates across countries based on recent data that simultaneously considered gender, age, and time. Most research has been conducted using data from a single country, 12,27-31 with some comparative studies describing differences in suicide rates within broader categories beyond the country level. 24, 26 In the present study, we used recent WHO mortality data and OECD population data to compare suicide rates among 10-19-year-olds across 29 OECD countries and to explore the effects of gender, age, and time. We then evaluated the variation in suicide rates across countries and identified patterns of suicide rates based on age and gender. Finally, we investigated the main dimensions that contributed to the variation in child and adolescent suicide rates across countries.
METHODS

Data
We calculated the suicide rate for each country by combining the raw WHO mortality data and the OECD population data of 29 member countries for which the latest mortality and population data were available in 2014. We excluded 5 member countries reporting no data on suicide rate or reporting suicide data of less than 5 years. Due to issues related to the accessibility of data, there are some cross-country differences with respect to specific time periods covered, but we obtained data for each country for approximately the period from the mid1990s to about 2012. The WHO mortality data include the number of deaths and their causes based on the International Classification of Diseases (ICD). Deaths classified as "death from intentional self-injury" were deemed to represent suicide, which corresponds to the ICD codes X60-X84. OECD population data are estimated for 5-year age groups and sex. We combined the WHO mortality data and the OECD population data to determine suicide rates based on the incidence of suicide per 100,000 individuals for each country and year. We calculated suicide rates by gender separately in adolescents aged 10-14 and 15-19. The protocol of this study was reviewed by the Review Board of Hallym University Sacred Heart Hospital (IRB No. 2016-I049).
Statistical analysis
First, we assessed the overall adolescent suicide rate by gender and age for each country by averaging suicide rates across two separate periods of time. Completed suicide is a rare event in the case of children and adolescents, and annual fluctuations are commonly observed. Hence, even small fluctuations in the number of suicides may significantly affect a country's suicide rate in any given year. To take into account this annual variation in adolescent suicide rates, we calculated the average suicide rates for the period prior to and including 2005 and for the period after 2005. Thus, for each country, we observed suicide rates within two separate time intervals, with each time interval analyzed separately. We set 2005 as the boundary between the two time periods because this year represents the approximate midpoint of the average period for which data were available. Furthermore, we examined differences in suicide rates by age and gender and identified trends occurring in OECD countries between the mid-1990s and the early 2010s.
Next, to examine the gender and age structure of suicide rates across countries, we conducted a classification analysis using a self-organizing map (SOM). SOM is a technique used to identify distances among cases and to visualize the results in the form of a map by projecting the high-dimensional data structure to a flat grid. 32, 33 SOM, also known as a Kohonen Map, is one of the best-known clustering methods for unobserved features. 34 Cluster structures can be identified as a result of the SOM analysis. Furthermore, in addition to performing clustering, the SOM analysis provides a topological organization of the resulting clusters. 33 We applied SOM analysis to our suicide data set to reveal cluster structures and relationships related to age and sex, while preserving essential information in our data set to allow for readily understandable comparisons.
Three steps related to classification and analysis were followed in this study. The first step was to categorize cases with similar patterns of youth suicide rates to take advantage of the SOM. The second step involved conducting a k-means clustering analysis on the results of the SOM and determine the membership of each case. We compared the mean suicide rates by age and gender for each group as classified by k-means clustering analysis and examined their features. The third step involved conducting multidimensional scaling (MDS) on the re-sults of the previous classification. MDS is an exploratory method used to identify the key dimensions underlying differences among groups. 32 In this step, our aim was to determine which dimensions were important for understanding differences in the patterns of child and adolescent suicide rates across countries. Table 1 summarizes the child and adolescent suicide rates in the 29 countries included in this study. Countries are arranged in descending order based on their overall average suicide rate, and the suicide rates for each country are broken down into eight categories. The second column of Table 1 shows the time period of data included in the analysis.
RESULTS
Comparing suicide rates by countries
We observed differences in suicide rates based on age, sex, country, and time period. The suicide rates in the 15-19-year age group were higher than those in the 10-14-year age group. Age had a stronger effect on suicide rates for males than it does for females. In males, the overall suicide rate in the 15-19-year age group was 7.93 times higher than that in the 10-14-year The male suicide rate was higher than the female rate regardless of country or age. In the 10-14-year age group, the average male suicide rate was 2.01 times greater than the average female suicide rate in the period up to 2005. After 2005, this difference between males and females decreased, but the male suicide rate remained higher, at 1.61 times the female rate. In the 15-19-year age group, the male suicide rate in the first time period was 2.96 times greater than the female rate for that age group, whereas in the second time period, the male suicide rate that was 2.37 times greater than the female rate.
Clustering
The grid for the SOM was set at 5×5 in the present study, an appropriate size for the cases we analyzed. Based on the results of the SOM, it was necessary to select the appropriate number of types. We examined the results of classification models obtained through k-means cluster analysis. Figure 1 is a scree plot showing the consensus change in the square of the distance between the observed values and the center of each sub-group when increasing the number of classes. According to Figure 1 , the within-group sum of squares appears not to be greatly reduced by selecting more than eight classes; hence, we selected the classification model that included eight types. Figure 2 shows the results of the SOM, which is expressed in the 5×5 grid. Relevant cases are presented in this grid, and each is represented as one circle. The two time periods are indicated for each country as 1 (up to and including 2005) and 2 (2006 and later). Cases that are surrounded by the thick lines that divide the grid area into eight regions belong to the same (a) three minus signs (---) indicate that the suicide rate of this class is less than the 60% of the overall average mean, (b) two minus signs (--) indicate a suicide rate between 60% and 80% of the average mean, (c) a single minus sign (-) indicates a suicide rate between 80% and 90% of the average mean), (d) an equal sign (=) indicates a suicide rate between 90% and 110% of the average mean, (e) a single plus sign (+) indicates a suicide rate between 110% and 120% of the average mean, (f) two plus signs (++) indicate a suicide rate between 120% and 140% of the average mean, (g) three plus signs (+++) indicate a suicide rate greater than 140% of the average mean Table 2 presents a comparison of the eight classes with respect to the mean values for suicide rates. For ease of comparison, the suicide rate of each class is indicated using minus (-) or plus (+) signs, depending on its relationship to the average of all classes. The last column displays the class numbers previously referred to in the SOM grid. Types 1 and 2 include the largest number of cases, 14 each, and exhibit suicide rates that are lower than the overall average, with Type 1 exhibiting the lowest suicide rates across categories. In contrast, Type 8, which includes 3 cases, exhibits the highest suicide rates across the four categories. Many types exhibit similar patterns of suicide rates for the male and female groups, with types that have a relatively low level of male suicide rates also exhibiting relatively low levels of female suicide rates. However, Type 3 proved to be exceptional; this type included both periods for South Korea and the second period for Japan, Sweden, and Belgium; in these cases, the overall suicide rate far exceeded the average despite the fact that male suicide rates were lower than average. Figure 3 shows the results of the MDS, which was conducted to determine the major dimensions underlying the classification into eight types. We found two major dimensions, which are expressed on the X-axis and Y-axis, and explain 99.6% of the total variance among the eight types. The sizes of the circles allow for a visual comparison of the four categories of suicide rates; these can then be related to the classification types. The first dimension (Dim 1) underlying differences across classification types appears to represent the overall level of suicide rates. The line plot at the top of Figure 3 shows the differences in mean total suicide rates across types; the mean total suicide rate increases steadily from left to right, reflecting this first dimension. The second dimension of the MDS plot (Dim 2) appears to divide the types according to the gender gap in suicide rates. The line plot on the right side of Figure 3 shows differences in the mean gender gap across types, as represented by a ratio of the male suicide rate to the female rate. The mean gender gap increases by type along this second dimensionon. Most of the types show small degrees of variation with respect to the second dimension, with six types exhibiting similar values on the Y-axis; however, Types 3 and 6 are notable exceptions. These results indicate that most countries have similar gender gaps in their suicide rates among children and adolescence. However, significant outliers exist, exhibiting either a smaller gender gap (i.e., relatively high female suicide rates), as in Type 3, or a larger gender gap (i.e., relatively high male suicide rates), as in Type 6.
DISCUSSION
This study is the latest study comparing the suicide rates of adolescents in OECD countries. We identified significant differences in suicide rates depending on age, sex, country, and time period. Our SOM and MDS analyses revealed that variance in the suicide gender gap is one of the significant dimensions underlying differences in the patterns of child and adolescent suicides.
We found that late adolescence and male gender were universal risk factors for adolescent suicide. Male adolescent suicide rates were about 2-3 times higher than female rates in every country in this study and were higher in late adolescence and in the time period prior to and including 2005. Suicide rates in the 15-19-year age group were dramatically higher than those in the 10-14-year group for most countries, and the effect of age was more prominent among males than females. These results are consistent with previous research. 8, 13, 15, 26, 31 Many countries exhibited a decreasing trend in suicide rates among 10-19-year-olds over time. Several European countries have shown remarkable decreases in male suicide rates, whereas female rates have been stable or have increased. Several studies have offered explanations for this trend, such as restrictions on firearms and some degree of improvement in global health. 8, 26, 35, 36 It is noteworthy that suicide among female adolescents has not exhibited a similar decline; hence, additional efforts are needed to address female suicide rates. Estonia has exhibited a steep decline in suicide rates in both age groups since 2006, although it still has the second highest suicide rate among the countries studied, with a particularly high incidence among male adolescents. 8 Although the reason for the recent decrease in adolescent suicides is unclear, the country's relatively high suicide rate may be explained by the fact that ethnic Russians have become a non-privileged minority in Estonia since national independence was achieved. 37 In contrast, Korea and Japan exhibit increasing suicide rates for both genders. Economic recession, inequality, and rapid changes in family structure may be contributing factors to this trend. 28, 38 Korea and Japan have both experienced rapid social and economic changes, and many young people face increasing competitive pressures within an unstable economy and with reduced support due to the weakening of family and community ties. In South Korea, the use of lethal methods of suicide, such as jumping, by both boys and girls, is reported to be primarily responsible for this trend. 39 Japan's child and adolescent suicide rate may be partially explained by school pressures, weak family support systems, and sexual identity problems at the individual level, and by the economic recession more generally. 40, 41 New Zealand and Finland have the first-and third-highest adolescent suicide rates, respectively, among the 29 OECD countries, and their high rates of adolescent suicide rates have remained steady. These results may reflect cultural backgrounds and societal environments. In the case of New Zealand, where suicide is predominant among indigenous populations, particularly among young boys of Maori ethnicity, the issue of national identity must be considered. 7, 27, 42 Finland has the highest youth suicide rate among European countries. 43 Some research studies have noted that the high incidence of male adolescent suicide may be due to the frequent use of violent methods, such as firearms. 30, 43, 44 In recent years, suicide methods among Finnish female adolescents have become increasingly violent, with a corresponding increase in the female suicide rate. 44 We extended our research scope using classification methods to compare adolescent suicide rates across OECD countries. Using SOM and MDS analysis, our study classified 58 cases (29 countries over two time periods). Types 1 and 2, which were classified by k-means clustering analysis based on the results of the SOM, had the greatest numbers of member countries, concentrated in southeastern Europe, and were characterized by low suicide rates for both genders. In contrast, Types 7 (Finland) and 8 (New Zealand and Estonia) had high suicide rates for both genders.
The SOM analysis revealed that Types 3 and 6 were distinct from the other types with respect to the male/female ratio in suicide rates. Type 3 includes Belgium, Sweden, and Japan after 2005, and Korea during both time periods; within this type, although overall suicide rates were not high, the rates of female adolescent suicide were relatively high. According to a comparative study of adolescent suicide rates in Belgium and the Netherlands, adolescents in Belgium experienced poorer mental health and more alcohol and drug use than their counterparts in the Netherlands, with deliberate self-harm and suicidal thoughts being predominant among females in Belgium. 45 In Sweden, the rate of female adolescent suicide has increased over the study period. This trend is consistent with a worldwide comparative study of adolescent suicide. 26 Korea and Japan are the only Asian countries that are members of the OECD; therefore, our results do not fully reflect the Asian situation. However, the culture of male dominance and the low social position of females in Asian culture may play a role in the relatively high incidence of female adolescent suicide in Korea and Japan.
Type 6 countries (Poland, the USA) showed clear gender and age effects. Suicide rates have increased among both boys and girls aged 14 and younger, whereas they have decreased for both genders among adolescents 15 and older. The unique property of these countries is that the male suicide rate is much higher than the female rate. A study of suicide rates in Poland reported that undercounting deaths were especially prominent among females, which may have led to an underestimate in the rate of female suicide. 5, 46 Aggressive suicide methods such as firearm use among males may be related to the high male suicide rate in the USA, but this question needs further investigation.
Male suicide rates are consistently higher than female suicide rates in most countries. The social construction of gender roles is a common explanation for the higher incidence of male suicides. Male gender roles tend to emphasize strength, independence, and risk-taking behavior, and they are likely to prevent males from seeking help for depression and lifethreatening events related to suicidal behaviors. 6 Furthermore, gender differences in suicide methods are often deemed relevant to the gender gap in suicide rates. Whereas females are more likely to use less immediately lethal methods, males more frequently complete suicide through methods such as hanging, carbon-monoxide poisoning, and the use of firearms. 10 Despite the general pattern of higher suicide rates among males relative to females, our SOM and MDS analyses revealed that variance in the suicide gender gap is one of the significant dimensions underlying differences in the patterns of child and adolescent suicides. This suggests that cultural and social contexts affecting the gender gap in suicide rates may vary depending on the region and time period. Policies for the prevention of adolescent suicides should be sensitive to such social and cultural contexts.
Methodologically, this research represents the first comparative study of suicide using SOM. Analysis by means of SOM in combination with methods such as k-means clustering and MDS is effective in revealing hidden patterns in high-dimensional data structures such as mortality data across age and gender groups. If a suicide data set includes sufficient contextual variables, analysis by SOM may enhance our understanding of the deep structures that describe patterns of child and adolescent suicides.
There are several limitations to this study. First, the study examined 29 OECD countries, consisting largely of European countries with few Asian or American countries. Hence, our results cannot be taken as fully reflecting global trends in adolescent suicide, but rather, as a reflection of trends present in many developed countries; our results do not warrant generalization to developing or under-developed regions. Second, it is possible that our data set underestimated or misclassified a number of suicide events. It is still the case that people tend to underreport suicide events, given that suicide is viewed negatively or is stigmatized in many societies. The reliability of suicide rates may be a significant limitation in comparative suicide studies such as ours. Third, our data set did not include various individual, social, or cultural risk factors that may be related to adolescent suicide rates.
Despite these limitations, our hope is that our study will stimulate additional comparative research regarding rates of child and adolescent suicide and more extensive investigations of the broader psychological, social, contextual, and policy-related variables that may contribute to inter-country variability in adolescent suicide rates.
